Type 2 diabetes is a major global health problem that affects over 285 million individuals worldwide ([@B1]). Over past decades, a continuous increase in prevalence of type 2 diabetes, which parallels a marked lifestyle transition and a worldwide epidemic of obesity, has been observed in both developed and developing countries ([@B2]). Unlike the gradual transition in most Western countries, these changes in China have occurred over a very short time ([@B3]). This may have led to a more rapidly increasing burden of type 2 diabetes. In this study, we evaluated the trend of type 2 diabetes in Chinese adults using the data derived from two population-based surveys in Shanghai.

RESEARCH DESIGN AND METHODS {#s1}
===========================

In the 2002--2003 survey, representative samples of permanent residents, for at least 5 years, of both urban and rural Shanghai between the ages of 15--74 years were randomly selected through a multistage sampling process ([@B4]). Of a total of 17,526 eligible subjects, 14,401 (82.17%) participated the survey.

The 2009 survey adopted a similar sampling process and similar inclusion and exclusion criteria, except that only those aged 35--74 years were eligible. Among 11,844 eligible adults, 7,964 (67.24%) were interviewed.

After excluding subjects younger than age 35 years from the 2002--2003 study and those in both studies with an incomplete questionnaire, the final analysis included 12,329 subjects (5,050 men and 7,279 women; 8,177 urban and 4,152 rural residents) in the 2002--2003 survey and 7,423 subjects (3,461 men and 3,962 women; 5,357 urban and 2,066 rural residents) in the 2009 survey. The urban/rural split in the samples matched those in Shanghai population of the year. The institutional review board at Shanghai Municipal Center of Disease Control and Prevention approved the study. Informed consent was obtained from each participant before data collection.

Data collection {#s2}
---------------

Although the questionnaire used in 2009 included more questions, for the purposes of this article, we only considered the following information: demographic characteristics, a previous diagnosis of type 2 diabetes, and type 2 diabetes among first-degree relatives. Diagnosed diabetes was identified by a positive response to the question: "Have you ever been diagnosed with type 2 diabetes by a doctor?" At the interview, body weight, height, and waist circumference (WC) were obtained using a standardized protocol.

After an overnight fast of at least 10 h, a preload venous blood specimen was collected for each participant. For each subject with no history of type 2 diabetes, a blood sample was drawn at 120 min after an oral glucose tolerance test using a standard 75-g glucose solution. Plasma glucose was measured using the glucose oxidase-peroxidase method. Individuals with undiagnosed type 2 diabetes were identified according to measured glucose levels by 2009 American Diabetes Association criteria ([@B5]).

Statistical analysis {#s3}
--------------------

Age-standardized prevalence was calculated with the direct method according to the Chinese population data in 2006 ([@B6],[@B7]). The χ^2^ test was used to test the difference in frequency. SAS version 8.2 (SAS Institute, Cary, NC) was used for all statistical analyses.

RESULTS {#s4}
=======

The participants in the two surveys were comparable in BMI (*P* \> 0.05). Compared with the subjects in the 2002--2003 survey, the participants of the 2009 survey, both men and women, urban and rural residents, were more likely to have more education, higher per capita income, larger WC, and a positive family history of type 2 diabetes (*P* \< 0.001). In both surveys, the rural subjects had less education, lower income, and smaller BMI and WC than urban residents (*P* \< 0.001).

Both crude and age-standardized prevalence of type 2 diabetes were significantly higher in 2009 (15.6 and 12.6%, respectively) than in 2002--2003 (11.7 and 9.7%, respectively) (*P* \< 0.0001) ([Fig. 1](#F1){ref-type="fig"}). The increase came predominantly from diagnosed type 2 diabetes, with age-standardized prevalence of diagnosed and undiagnosed type 2 diabetes increasing from 5.1 and 4.6% in 2002--2003 to 7.4 and 5.2% in 2009. In the 2002--2003 survey, 30.5% of those with undiagnosed diabetes had isolated postload hyperglycemia, and the proportion reached 46.8% in the 2009 survey. The prevalence of type 2 diabetes increased with age and was higher among men and in urban residents in both surveys (*P* \< 0.001). Between the two surveys, the increase was more evident in rural residents (*P* \< 0.001) and was more rapid in younger birth cohorts, with a percentage change of 1.09, 1.21, 1.34, and 1.32% for the men who were born in the 1930s, 1940s, 1950s, and 1960s, and of 1.10, 1.39, 1.34, and 1.43, respectively, for the women (*P~trend~* \< 0.05).

![Comparison of prevalence of type 2 diabetes in the 2002--2003(![](1028inf1.jpg)) and 2009(![](1028inf2.jpg)) surveys. I bars indicate 95% CIs. *A*: Crude and age-standardized prevalence. *B*: Age-standardized prevalence in urban and rural areas. *C*: Age-specific prevalence in men and women. *D*: Prevalence by birth cohort in men and women (logrithmic scale).](1028fig1){#F1}

CONCLUSIONS {#s5}
===========

As the largest city and one of the most economically developed areas in China, Shanghai usually has a higher prevalence of type 2 diabetes than other cities in China ([@B6],[@B8]). In this study, the overall age-standardized prevalence of type 2 diabetes, combining urban and rural areas, increased from 9.7% in 2002--2003 to 12.6% in 2009 among Chinese adults aged 35--74 years in Shanghai. The age-specific prevalences in 2002--2003 were lower than those in the survey by Yang et al. ([@B6]) in several age groups but higher in some others. The prevalence in 2009, on the other hand, was significantly higher in each age-group (*P* \< 0.05). Our results confirm the data in the report by Yang et al. and indicate a heavy and growing burden of type 2 diabetes in China.

Aging of population has been one of the contributors to the rapid increase in diabetes burden in China ([@B9]). As one of aging cities in China, Shanghai had 3.0 million adults at ages of 60+ years in 2008, accounting for more than 20% of its residents ([@B10]), and the proportion is still increasing.

Although the increase in prevalence of type 2 diabetes between two surveys predominantly came from diagnosed type 2 diabetes, approximately half the cases of type 2 diabetes remained undiagnosed in both surveys. The findings are similar to previous reports ([@B6],[@B11]), and can be partly explained by the fact that fasting glucose was usually used alone to screen type 2 diabetes in China ([@B12],[@B13]). Isolated postload hyperglycemia has been reported to be more common among Asian type 2 diabetic patients ([@B6],[@B14]), thus there may exist more undetected type 2 diabetic subjects in China, representing a major public health problem in the country.

Limitations of this study include low response rate and a difference in sample size between the two surveys. This study, however, has several strengths, including representative samples of adult population in Shanghai, oral glucose tolerance tests for all participants without history of type 2 diabetes, and extensive interpopulation comparison.

Conclusively, the prevalence of type 2 diabetes increased in Shanghai during past years. The experience in Shanghai may predict the situation of the country in near future.
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